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ORTHOGONAL COMPLEX SPREADING METHOD AND APPARATUS 
FOR A^fl^EGSAj^^ MULTIPLE CHANNELS 
AND APPARATUS THER EOF 



BACKGROUND OF THE INVENTION 

1 . 4-r-Field of the Invention 

The present invention relates to an orthogonal compl e x spr e ading method for a 
multichannel and an apparatus th e reof and in particular, to an improved? orthogonal 
complex spreading method and apparatus for ar^ulti^a^el^ ^ mu a ad-aa 
apparatus thereof The invention is which ar e capable of the following: decreasing a peak 
power-to-average power ratio by introducing an orthogonal complex spreading structure 
and spreading the-same input signals u sing a spreading code^ implementing a structure 
capable of spi^ading complex output signals using a spreading code by adapting a 
permutat ed orthogonal complex spreading structure for a complex-type multi-channel input 
signal with respect to the summed values^; and decreasing a phase dependency of an 
interference based on a multipath component (when there is an one chip difference) of a self 
signal, which is a problem that is not overcome by a p^^^t^^^^ex spreading 
modulation method^ nor by a combination of an orthogonal Hadamard sequence;. 

2. Sr-Description of the Conventional Prior Art . 

Gen e rally, il n the area of mobile communication systems, it is well known in the art 
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. that a linear distortion and non-linear distortions affect power amplifiers. The statistical 
characteristic of a peak power-to-average power ratio has a predetermined interrelationship 
for-a non-linear distortion. 

The third order n on-linear distortion,, which is one of the factors affecting the power 
amplifier^ causes an inter-modulation product problem in an adjacent frequency channel. 
The above described inter-modulation product problem is g e nerated due created by te a 
high peak amplitude,, which for th e reby increasesteg as the adjacent channel power (ACP), 
so that there is a predetermined limit for selecting as the amplifier. In particular, the {Code 
Division Multiple Access) (CDMA) system requires a very strict condition with respect to 
a-linearity of a power amplifier. Therefore, the above-described condition is a very 
important factor. v V 

La accordance with/JS-97 and ES*98, the FCC stipulates a condition on the adjacent 
channel power (ACP). In order to satisfy the above-described condition, a the bias of a the 
Radio Frequency £RF) power amplifier should has to be limited. 

According to the current IMT-2000 system standard recommendation, a plurality of 
CDMA channels are recommended. Li the case that a plurality of channels are provided, the 
peak power-to-average power ratio is considered as an important factor for ther e by 
increasing the efficiency of the modulation method. 

The IMT-2000 a which is known as the a third generation mobile communication 
system, has a great received a lot of attention from people as the next generation 
communication system following the digital cellular system, personal communication 
system, and etc. The IMT-2000 will be commercially available as a one of the next 
generation wireless communication system^ which has a high capacity and bett e r 
performance for thereby iafredueia g supporting various multimedia services and 



international learning roaming services, etc. 

Many countries have proposed utilizing various IMT-2000. systems which that 
would require high data transmission rates adapted for an internet service or m electronic 
commercial activity. This is directly related to the power efficiency of a RF amplifier. 

The GBM^r-based IMT-2000 system modulation method based on CDMA 
technology i ntrod u ce d by -many^eeHRtries is classified into as a pilot channel method and a 
p2e$ symbol method. Of which , tThe former pilot channel method is directed to t h e ETR J 
4-r&-vereien4n^^ the CDMA ONE introduced in North 

America^-and tThe fetteF pilot symbol method is directed to the NTT-DOCOMO and AREB 
proposal introduced in Japan and is dir e cted t o the FMA2 proposal in a rev e rse direction 
introduced in Europe. 

Since tThe^ot-syralrel-ffiethe d^ 
power efficiency, it is superief^-nserap ar ed to the-pile^ehafmel-^et^d^^^ 
maitiehaimel^ethed— 
by^^^power-^ontfol^e-abev^ 

Figure 1 illustrates a conventional prior art complex spreading method based on a 
CDMA ONE method. 

The CDMA ONE is implemented by using a complex spreading method. The pilot 
channel and the fundamental channel spread by a Walsh code 1 are summed thereby forming 
in-phase information. The supplemental channel spread by a Walsh code 2 and the control 



channel s pread bv a Wash code 3 are also summed thereby forming quadrature-phase 
informati on. In addition, the in-phase and quadrature-phase information are 
complex-spread by PN codes. 

As shown th e r e in , the signals from a fundamental channel 1A, a supplemental 
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channel IB, and a control channel 1C are, multiplied by a Walsh codes W^k W £ Z and 
which is performed by each ■■= multiplier f20A 20B and 20C) of a multiplication unit 20 
through a signal-mapping unit 10. ae-sigBalsrwhkhr^r-e-mufeiplied- by a pilot -stgad-aad4he 
Walsh-sigaalr^d-^e4hefl^^ Al, A2 and-A3 

by-a^aaffle^aaa-aa^ pilot and the signals multiplied bv the 

Walsh c odes are respectively multiplied by channel gains AO, AL A2 and A 3 in channel gain 
multiplication unit 30^ 

In a summing unit 40, the pilot signal is-multiplie£i4>^^ the 
fundamental channel signal^whiek4^ summed by a 

first adder 40a fef thereby obtaining as idenfe al phas e in-phase i nformation:-, and 
Additionally, the supplemental channel signal j^^uitipfod-by^he^&afffl the 
control channel signal isHEaultiplied^y4^ are summed by a second 

adder 40b fer thereby obtaining aa orthogonal-phas e quadrature phase -information. 

The thusly obtained i n-phase information and quadrature-phase information are then 
multiplied by a PN1 eede and PN2 code by a spreading unit 50^ and tThe identical phase 
information multiplied by the PN2 code is then subtracted feera-by the i d e nt i ca l pha se 
in-phase information multiplied by the PNi-2code and is outputted as an I channel signal^ 
and t The quadrature-phase information multiplied by the PN1 code and the in-phase 
information 

multiplied by the PN2 code are then summed and are then outputted through as a O channel 
signal a delay unit 60 sueh - as a O channel-signal. 

ehannd-afidr^he-fei^amenta^ 
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feHHiag-^iK-pfea^e-jBfei^a^H^-^d tThe suppl^aente^6feaffi&e^p?ead tot h e Wakh-eode 

S^d^he-^entFel-^hannel^pread^ 

quadratee-phase-infe^ 

iafefmatiofr^e^omple^pread-fey^ 

Figitfe- 2A is a view illustrating a constellation of signals in a phase domain before 
pluse shaping in a conventional prior art CDMA ONE method^ and Figure 2B is a view 
illustrating a constellation of signals in a phase domain after shaping in prior art CDMA 
ONE method arpri^r-aFt^a^amug^ 
3A." * 

As shown th e rein, ff n the CDMA ONE, the left and right information, namely, the 
in-phase information (I channel) and the upper and lower information, namely, the 
quadrature-phase information (Q channel) pass through the actual pulse shaping filter fer 
thereby causing a peak powerv aed-m-the ETRI ver-sioi^4TOr^Meb4s^hewn4n-Rgufes-3A 
and--3B r -ar-^ak^ 
deterioration. 

In view of the crest factor and the statistical distribution of the power amplitude, in 
the-€D MA ONE -- the peak power is generated in a vertical direction^ so that—fee -problems 
such as iiTegularity p roblem of the spreadingA code and as int e r - i nterfereaee probl e m 
crosstalk occur. 

SUMMARY OF THE INVENTION 

Accordingly, it is ah object of the present invention to provide an orthogonal 
complex spreading method and apparatus for a-mukiehaflHel multiple channels a ad-aa 
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apparatus th e reof that overcomes the aforementioned problems' encountered in the 
conventional prior art. 



The peak power-to-average power ratio is important in MT-2000 system since 
Tthe CDMA system requires a strict condition for a linearity of a power amplifier^ so that 
ke€3use-4he~peaJfr--powe i n im pg^rt- In particular, the 

eharaeteristic-^f^e— fMT 
medulatien-naetheds-sii 
pewer-rat 



^le-ehaflnels-are provi ded— 
AW 

3d-^s-an-4mgertant-faetef A IMT-2000 system provides multiple 



channels, which transmit signals simultaneously, and the peak power-to-average power 
ratio is related to the efficiency of the modulation method. 

It is another object of the present invention to provide an orthogonal complex 
spreading method and apparatus for ar-muttiehannet multiple channels and an apparatus 
thereof which have an excellent power efficiency compared te with the complex spreading 
methods intrudun? in the CDMA-OjNE intre4ueed-k of U.S.A. the United States and the 
W-CDMA kfeedueedrin-J^an-aHd-BuF0pe7 i Additionally, the invention and is capable of 
resolving a power unbalance problem of an in-phase channel and a quadrature-phase 
channel as well as the complex spreading method. 

It is still another object of the present invention to provide an orthogonal complex 
spreading method and apparatus for ar-raufeiehaBBel- - multiple channels and an apparatus 
thereof which is capable of stably maintaining a stable low peak power-to-average power 
ratio. 

Additionally, in It is still another object of the present invention to provide an 

apparat us for a multichannel and an apparatus 
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th e r eo f in which a spreading operation is implemented as follows: fey multiplying a 
predetermined channel data among data of a multichannel by an orthogonal Hadamard 
sequence and a gain aad^ multiplying a data of another channel by an orthogonal Hadamard 
sequence and a gain 7 ; summing the information of the two channels in complex type^; 
multiplying the summed information of the complex type by the orthogonal Hadamard 
sequence of the orthogonal type^ obtaining a complex type^; summing a plurality of channel 
information of the complex type in the above-described manner; and multiplying the 
information of the complex type of the multichannel by a spreading code sequence. 

It is still anothc rF urthermore, it is an object of the present invention to provide an 
orthogonal complex spreading method and-apparatu s for a multichan nel and an apparatus 
thereof which is capable of to decreaseing the probability that the power drops to becomes 
a zero state -by doing the following: fey preventing the FIR filter input state from exceeding 
90° in an earlier sample states increasing the power efficiency and decreasing the 
consumption of a bias power for a back-off of the power amplifier;.and saving the power of 
a battery. 

It is still another object of the present invention to provide an orthogonal complex 
spreading method and apparatus for a multichannel and an apparatus th e reof which is j 
capable of implementing a POCQPSK (Permutated Orthogonal Complex QPSK) 
(POCOPStD which is another modulation method and that has a power efficiency similar 
with the (OCQPSK) {Orthogonal Complex QPSK) fOCOPSKV 

In order to achieve the above objects, there is provided an orthogonal complex 
spreading method that is provided for a multichannel which includes the following steps; of 
complex-summing c^W^iX^ which is obtained by multiplying an orthogonal Hadamard 
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sequence by a first set of data of X ni of a n-th blocks and a m^X nywhicii is 
obtained by multiplying an orthogonal Hadamard sequence Wm^ by a second set of data of 
Xa of a n-th block; complex-multiplying aniW^iXai^a^WM^X^ which is summed in the 
complex type,, and Wm^+JWm^ of the complex type using a complex multiplier and | 
outputting as an in-phase information and quadrature-phase information; aed summing only 
in-phase information outputted from a plurality of blocks and only quadrature-phase 
information outputted therefrom; and spreading the same using a spreading code. 

In order to achieve the above objects, there is provided an orthogonal complex 
spreading apparatus according to a^^mbodiment of the present invention which includes 
the following: a plurality of complex multiplication blocks for distributing the data of the 
multichannel and complex-multiplying OaiW^iXu^a^WM^X^ in which o^Wm^X^ 
which is obtained by multiplying the orthogonal Hadamard sequence W^i with the first set 
of data of X ui of the n-th block and the gain Oni and o^Wm^zX^ which is obtained by 
multiplying the orthogonal Hadamard sequence Wm^ with the second set of data of X^ of 
the n-th block and the gain ct^ and Wm^+Wm^ using the complex multiplier, a summing 
unit for summing only the in-phase information outputted from each block of the plurality 
of the complex multiplication blocks and summing only the quadrature-phase information; 
and a spreading unit for multiplying the in-phase informatio n and the quadrature-phase 
information summed by the summing unit with the spreading code and outputting an I 
channel and a Q channel. 

In order to achieve the above objects, there is provided an orthogonal* complex 
spreading apparatus according to a-seeend. embodiment of the present invention^ which 
includes the following: first and second Hadamard sequence multipliers for allocating the 
multichannel to a predetermined number of channels, splitting the same into two groups and 
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outputting Oni WM^iXni^which is obtained by multiplying the data Xu of each channel by the 

gain Oni and the orthogonal Hadamard sequence W^; a first adder for outputting 

K " " 

Z (OniWi^aXniX which is obtained by summing the output signals from the first Hadamard | 
n=l 

sequence multiplier; a second adder for outputting 
K 

Z (ctoWM^XttfX which is obtained by summing the output signals from the second | 
n=l 

Hadamard sequence multiplier, a complex multiplier for receiving the output signal from the 

first adder and the output signal from the second adder in the complex form of 
K 

X (ctniWM^iXni+ja^WM^Xca) and complex-multiplying Wmj+JPWm^q which where n=l | 
n=l 

consists of the orthogonal Hadamard code Wmjj and the po nnutatcd orthogonal Hadamard 
code PW H q that where W m, q and a predetermined sequence P are complex-multiplied; a 
spreading unit for multiplying the output signal from the complex multiplier by the spreading 
code; a filter for filtering the output signal from the spreading unit; and a modulator for 
multiplying and modulating the modulation carrier wave, summing the in-phase signal and 
the quadrature-phase signal and outputting a modulation signal of the real number. 

Additional advantages, objects and other features of the invention will be set forth m 
part in the description which follows and in pact will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from practice 
of the invention. Th e objects and advantages of the inv e ntion may b e realized and attain ed 
as particularly point e d out in the append e d claim s? 



BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will become more fully understood from the detailed 
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description given horcinb elow and the accompanying drawings^ which are given by way of 

iflustration only, and thus are. not limitative of the present invention, and wherein: 

Figure 1 is a block diagram illustrating a conventional prior art multichannel 

complex spreading method of a CDMA (Code Division Multiple Access) ONE method; 

Fig/ur-e 2 A is a view illustrating a constellation plot of signals in a p hase domain 

before pulse shaping in a conv e ntional prior art CDMA ONE method; 

Fig i ure-2B is a view illustrating a -p rio r art magdmHm^pen-pein^ft^-4h&-ae^^l 

shapH^-St-er-efjFigare-SA a constellation of signals in a phase domain after pulse shaping in 

a prior art CDMA ONE method; 

Fi feWP ^ A . is a view illustrating a const e llation plot of signals in a phase d omain 

before-pu ^ c^pi^g \ n % rnnvnritinTinL aa ei l ier piiui ail gERI^^ien 1,0 method ; 

Fi gure 3B is aview ^flttstratmg ^ o fefrief=m s H w^^ ri m iim open pninLnftrr 

tfa eraetea4^1*^hRpi f ^ 3 A a constellation of signals in a phas e dom afe-after 

pulse shaping in a prior art CTYKAA n"\jp method ' > 

Fig^ure 4 is a block diagram illustrating a multichannel orthogonal complex 

one, 

spreading apparatus aeeordin^te- in accordance with t h e a-fifst embodiment of the present 
invention; 

Figjore 5 A is a circuit diagram illustrating the complex muitiplexer multiplier of 
Figwe 4; 

Fig^ure 5B is a circuit diagram illustrating the summing unit and spreading unit of 
Figjire 4; 

Figyae 5C is a circuit diagram illustrating another embodiment of the spreading unit 
of Figjffe 4; 

Figure 5D is a circuit diagram illustrating ef the filter and modulator of Figj*re4; 
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Figure 6 A is a view illustrating a constellation piet of signals in a p hase domain 
before pulse shaping in an OCQPSK according to the present invention; 

Figjir-e 6B is a view illustrating a ffla^iHUH^epen^ffit-aftei^ 
fifeeg^fjH»ge-6 A a constellation of signals in a phase domain after pulse shaping in an 
OCQPSK in accordance with the present invention; 

Figure 7 is a view illustrating a po w e r pcak-eeearreBee statistical distribution 
characteristic of power peak occun-ences w ith respect to an average power between the 
conventional prior art and the present invention; : . . " 

Figjir-e 8 is-a-\4ew-ilfa:Stratki^- illustrates an example of an orthogonal Hadamard 
sequence aeeerdifl^4o in accordance with the present invention; ^ x 

Fig^ure 9 is a circuit diagram illustrating a multichannel p ermutat ed orthogonal 
complex spreading apparatus aee^rdisg4o in accordance with a-seeeod embodiment of the 
present invention; 

Fig,ure 10 is a circuit diagram illustrating the complex multiplier aceerdia g to th e 
ffresent-Hwentien of Fig. 8 ; 

Figure 11 is a circuit diagram illustrating a multichannel poanutatcd orthogonal 
complex spreading apparatus fe^^oie^sep^ee-^eeerdin^-4 o with two input channels in 
accordance with -the present invention; . 

Figjur-e 12 is a circuit diagram illustrating a multichannel pefeatrtatetf orthogonal 
complex spreading apparatus ha^ng^4ii^quatity^dce s e rvic e and-arlew-^aasmission^ate 
aec^rdmg-t e with thr ee input cha nnels in accordance with -the present invention; 

Fig^ufe 13 A is a circuit diagram illustrating a multichannel psmiutated- orthogonal 
complex spreading apparatus for a QPSK having a high transmission rate accordi gg-te the 
present invention; 
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FigHfc- 13B is a circuit diagram illustrating a multichannel permutated orthogonal 
complex spreading apparatus fei^datarhavkig-a^H^ with 
four input channels in accordance with t he present invention; 

Figfe©* 14A is a circuit diagram illustrating a multichannel permutated orthogonal 
complex spreading apparatus for a multimedia service having-^^PSI^atar^eeer4mg40-m 
accordance with t he present invention; 

Figta=e- 14B is a circuit diagram illustrating a multichannel pe rmutated orthogonal 
complex spreading apparatus fe^-a-Hftdfemediarsei^e^eeordiRg^ o with five input channels 
in accordance with - the present invention; 

Figurcr 15A is a phase trajectory view of an OCQPSK according to the present 
invention; 

Figure- 15B is a phase trajectory view of a POCQPSK according to the present 
invention; and 

Figttfe*15C is a phase trajectory view of a prior art complex spreading method 
ae^r^mg^e-the^pFesefit^ffveHtieB. 



DETAILED DESCRIPTION OF THE INVENTION 

The complex summing unit and complex multiplier according to the present 
invention, will be explained with reference to the accompanying drawings. In the present 

invention, assuming that two complex number t wo complexes (a+jb) and (c+jd) are used, 
where a, b, c and d represent predetermined real numbers^ 

A_a complex summing unit outputs (a+c)+j(b+d)7 and a complex multiplier outputs 
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((axc)-(bxd))+j((bxc)+(axd)). Her e The following items are defined for the invention - a 
spreading code sequence is defined as SQ-; m information data is defined as and X^; 
a gain constant is defined as and a^i and an orthogonal Hadamard sequence is defined 
as Wm^i, W w Wm^, Wm^4 3 Wmj, Wm,q, where M represents a MxM Hadamard matrix,- 
and nl, n2, n3 and n4 represents an index of a predetermined vectors of the Hadamard 
matrix. For example, n3 represents a Hadamard vector, winch - wherein Wv^ is a third 
vector value watten-Hrte described in t he n-th block like4he-n-th-%leek lOOn e£ - shown in 
Fig 1 ure4. ^e^adamafd-M^eprese*!!^^ 

predu^te^eHzerer-^fe-eT^^epre^ 

The data X nl , Wm^i, Wm^, Wm^, W^, Wmj, and Wm,qt and spreading cede 
sequence {SQ are combined data consisting of +1 or -L- ^eal-HHmber-s-afe-Fepresented-by 
and daij and <Xn2 r e pr e sent r e al numb e r. are real numbers. 

Figure 4 is a block diagram illustrating a multichannel orthogonal complex 
spreading apparatus* aeeerdinjsH e in accordance with &g i first embodiment of the p resent 
invention. 

As shown therein, there is provided a plurality of complex multipliers 100 through 
100a ia-^vhieh In a complex multiplier 100a a data X^of a predetermined channel is 
multiplied by a gain a^and an orthogonal Hadamard sequence^^oj and a data Xro_of 
another channel is multiplied by a gain On? t he and an orthogonal Hadamard sequence Wm^ 
>mplex-suBm^g-^¥e-^haHnel-4ata- The data from both channels are 



complex-summed and then t^Fhe the complex orthogonal Hadamard sequence W^^_± 
jWmxji4 ef4he-eomplex-type is multiplied by-te^-the complex-summed data a^W^fj^jXi + 
JQg^W^^Qaj and the data of the other tw o ch aneels complex-multipliers are 
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eemplex-mHltiftMe d obtained - in the same manner as described above. A The summing unit 
200 sums -and-eutput-s the output signals from the complex multipliers 100 through 100a 
A The spreading unit 300 multiplies the output signal from the summing unit 200 with a 
predetermined spreading eede SQ fef-thereby spreading the signal. A pulse shaping filter 
400 filters the data spread by the spreading unit 300: A modulation wave multiplier 500 
multiplies the output signal from the filter 400 with a modulation canier wave e 23lfct and 
eutj3ut-s4i^medukted^at^ 

As shown in Figure 4, the first complex multiplier 100 complex-sums a n W^,iiXi U 
whkh4s obtained by multiplying the orthogonal Hadamard sequence Wm^i with the data 
Xn of one channel and the gain a^u and a^W^nX^* w&ekis obtained by multiplying the 
orthogonal Hadamard sequence Wm^2 with the data X 12 of another channel and the gain 
a u ^ fffid a^^emplex^ultipl^agtes The anW^nXn + ja^W^^X-n and- is then 
multiplied by the complex-type orthogonal sequence WM^Xn+jW^u usin^at the 
complex multiplier 111. 

In addition, the n-th complex multiplier lOOn complex-sums a^W^niX^ which is 
obtained by multiplying the orthogonal Hadamard sequence W^j with the data Xni of 
another channel and the gain ct^ and c^W^^X^ whieh-is obtained by multiplying the 
orthogonal Hadamard sequence Wmj^ with the data X^ of another channel and the gain 
a^^and ^^hen — The eemplec-jnul^pligggies OmWusaiXm + ja^W^^X^ and-is 
complex-multiplied bv the complex-type orthogonal sequence Wx^Xu+jWM^ usisg-_at 
the complex multiplier lOOn. 

The complex multiplication data outputted from the n-number of the complex 
multipliers are summed at>y the summing unit 200, and the spreading code SC is multiplied 
and spread b y using the spreading unit 300, The thusly spread data a*e is filtered at by the 
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pulse shaping filter 6OO7 and then multiplied by the modulation carried e 12 ^ jsr£fflil^p]ied«by 
at_ the multiplier 700^- and £Phen - The modulated signal is then processed by t he function 
Re{*} 70 is-preeessedr-and -to thereby output the real data s(t) 80 is-eutputted through the 
antenna. Here, Re{*} 70 represents that a function through which a predetermined complex 
number is processed teas a real value feough-the- R e (*} 7 0-&aetiea. 

The above^described Sanction will be explained as follows: 
K * . v 

(I((OnlW M 7n^ ; 
n— 1 

wh e re K represents a predetermined integer greater than or equal to 1 7 ; and n represents an 
integer greater than or equal to 1 and less than K and is identical with eaefeeehasnel number 
o&he-Hrafetehanae l the index of each complex multiplier . 

Eaeh-ef^e^empfe^^ukipM^ 
1=wo-gg|g^f4ifferent^hi3nae}^ at a are co mple?s-multiplied. 

As shown 2n Figure 5 A, one the complex multiplier includes the following; a first 
multiplier 101 feHauitiplyiBg^ 
a second multiplier 102 foi^uMpjyffig-tJie^n^ 

gab-a u -; a third multiplier 103 fer^rft^^g^e-data^s-ef^e-eth^-eha Bnel by another 
eFthegen^^adamar^equeHee^V^^; a fourth multiplier 104 fop-multiplying th e ou tpu t 
•stgaal^mAe^Hrd-HHrifeplier 103 by^he-gain-e^-^fifth and sixth multipliers 105 and 106 
fer-^nultiplymg-^ 
eutput^if^ali^sW^ 

sequenee-^^4 37 ^espeetive^seventh and eighth multipliers 107 and 108 for m ultiplying 

&e~eutput^gn^^ 

Q^^M^^^g^m^he^eui^hm^ 
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s e quen tially^ a first adder 109 fei^SHfHi^g-tl^ei^-|^t"5i^ai • (-+ac) a ■ wMeb^s-fi^em-l^^^ 
multipl ier 105, ag KMhe^utpa^i^aH^ 

etitputfeg-ii^hase-iBfoH^ a second adder 110 fef^UHHBmg-^he-eutput 

sigaaMfee^wfe^^ 

theHreveBth-multifiliei^^ 

Therefore, tThe first and second multipliers 101 and 102 multiply the data Xn by the 
orthogonal Hadamard sequence Wmju and the gain an fef thereby obtaining 
aiiW^nX u (=a). In addition, the third and fourth multipliers 103 and 104 multiply the 
orthogonal Hadamard sequence W^i 2 and the gain an feF thereby obtaining 
ctuWM^nX^C^b). The fifth and sixth multipliers 105 and 106 multiply anW^-iiXn^a) and 
ai2WMji2Xi2(=b) by the orthogonal Hadamard sequence Wm^^c), respectively, for 
thereby obtaining anWM^nXiiW H i 3 (=ac) and anW^juX^W^isi^bc)- and Additionally, 
the fifth and sixth multipliers 105 and 106 multiply auW Hj -nX u (=a) and a 12 Wj^i2Xn(=b) 
by the orthogonal Hadamard sequence WMji 4 (=d) for thereby obtaining 
ctnWMj n XnWM, 14 (=ad) and ai 2 W MJ i2Xi 2 W M ,i4(=bd). Thus, anW^^X^W^u is 
subtracted from anWMjiiXnW^n. In addition, Tfche second adder 110 then computes 
(ctiiWM t 7nXnWM j i 4 )+(ai 2 WMj'i2Xi2WM,i3) (ad+bc)^ namely Specifically, 
anWM aJ iiXiiW M ,i4( =:: ad) is added with ai 2 W^i2Xi 2 W H i3(=bc). 

Referring back to F ig.ufe 4^ illus&ates the first complex multiplier lOO^-whieh-is 
configured identically with the n-th complex multiplier lOOn. The expression "(a+jbXc+jd) 
= ac-bd+ifb c+adV is obtained assuming that anW^-nXn i s V, anW^Xn is "b", the 
orthogonal Hadamard sequence Wujis is "c", and the orthogonal Hadamard sequence 
Wmj 14 is "d" , the repression "(a+jb)(c+jd) ~ ac bd-fj(bc+ad) M is obtained . Therefore, the 
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signal outputted from the first complex multiplier 100 becomes the in-phase iirformation 
"ac-bd" and the quadrature-phase information "bc+ad". 

In addition, FigSre 5B is a circuit diagram illustrating the summing usst and 
spreading unit of Figape 4^ and Figwe- 5C is a circuit diagram illustrating another 
embodiment of the spreading unit of FigHfe-4. 

As shown therein, the summing unit 200 includes a first summing unit 210 for 
summing the in-phase information Ai(=(ac-bd)Jt An outputted from a plurality of 
complex multipliers^ and a second summing unit 220 for summing the quadrature-phase 
information Bi(=(bc+ad)) outputted from the complex multipliers. 

The spreading unit 300 includes first and second multipliers 301 and 302 for 
multiplying the output signals from the first adder 210 and the second adder 220 of the 
su mm ing unit 200 by the spreading sequence the SC , respectively . Namely, ffhe In other 
words, the in-phase and quadrature-phase signals are then- spread by the same t e-4he 
ffi-pkase^gnal-(^haiH^ 
ene-spreadiag-eede SC. 

In addition, as shown in FiguF@-5C, the spreading unit 300 includes the following: 
first and second multipliers 3 10 and 320 ierHB2ultiplyiBg4he^^ 
seeend^ad ders 210 an d^2Q^f4he-sumB^ 
and fourth multipliers 330 and 340 afe-ineluded -fer^^ 

first"and^ee^d^dei^-^-&-aGd-23&-b y a s pr e a dmg-sequene e SC2,; respectively^ a first 
adder 350 fer-summing-the-eutput-^gna l ■(+) fro m th e-fifs t multiplier 310 and t h e out p ut 
signal-f-)^^H^4he-thk and a second 

summm^-tHH t adder 360 feMUtftfning4he^u^ 
aad-theH»t-put-signa^^ 
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Namely^ — 2n the summing unit 200, the in-phase information and the 
quadrature-phase information of the n-number of the complex multipliers are summed by the 
first and second summiGg-umfe adders 2 1 0 and 220. In the spreading unit 300, the in-phase 
infeHsatim-suflaming value (g) and the quadrature phase infeena^on^unHHisg-value (h) 
from the summing unit 200 are multiplied by the first spreading code SCI (1) by the first and 
second multipliers 310 and 320 fef thereby obtaining gl and hl^ aad t-The-in addition, the 
in-phase isferma^aHsammisg-value (g) and the quadrature phase infeHnation-sumfflmg 
value (h) from the summing unit 200 are multiplied by the second spreading code SC2(m) 
by the third and fourth multipliers 330 and 340 fe? thereby obtaining gm and hm^ and tThe 
first adder 350 computes gl-hm, in which hm is subtracted from gL, and the second adder 360 
computes hl+gm^ in which hi is added by gm. 

As-shewn-iln Figure 5D, the filter 400 includes first and second pulse shaping filters 
410 and 420 for filtering the I channel signal, which is the in-phase information shown in 
Figure 5B and 5C X and the Q channel signal^ which is the quadrature phase information 
signal. The modulation unit 500 includes the following: first and second multipliers 510 and 
520 for multiplying the output signals from the first and second pulse shaping filters 410 and 
420 by cos(2:i£t) and sin(2rcfct)^ and an adder 530 for summing the output signals from the 
the first and second m ultipliers 510 and 520 and outputting a modulation data S(t). 

Here^ In the present inventioa the orthogonal Hadamard sequences may be used- as 
replaced by a Walsh code or other orthogonal code. 

Fer-exaosplerfrKDH^aew^i^^ 
i s us e d for the^-x^^tadamafd^ate^-shown in F i g ure-Sr-will^e- Figjwe 8 

illustrates 8x3 Hadamard matrix as an example of the Hadamard (or Walsh) code. Namely, 
th e case that tThe sequence vector of a k-th column or row is set to Wk-i base d - on t h e 8 x8 
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HadamaF^al^is-sbewxhthe^. In this case, if k is 1, Wm represents W 0 of the column 
or row 7 and if k is 5, W^-i represents W 4 of the column or row. 

the r e f o r e, iln order to enhance the efficiency of the present invention, the 
orthogonal Hadamard sequence by w hich multiplies each channel data is multiplied is 
detennined as follows. In the MxM Hadamard matrix, the sequence vector of the k-th 
column or row is set to Wk-u^Therefer^ _and It can be set that W ^i==Wn 3 W^=W 2p 
(where p represents a predetermined number of 

(M/2)- 1), and-W^^W^, WM^ 4 =W2n-i(where n represents the number of n-th blocks)^ sad 
so that . a n iWoX nl +ja n2 W 2 pX n2 is complex-multiplied and-by W ^?+jW?n.i. 

The cas e that only first complex multiplier is used in the embodim e nt of Figure 4 , 
namely. In Fignre- 4 , if only the first complex multipliers are used, ifl-e rdcr word s, only t he 
dat-a-ef-two channels are complex-multiplied by-a^rstnsemplex-^Hljffi^ 

Wk4, i^4s-pessible-te-^etefgMfl ftit can be determined that Wmjh=W 0 j Wmj^W^ or 
Wmj^W^ and Wmji3 = W 0i - and Wm i^Wi- so that — fe-addi^en^-j t is po ssftle-to 
eemplex-^Hiltiply- aiiWoXi 1 +jai2W 2 X 1 2 or anWoXn^anW^u is complex-multiplied by 
aadWo+jWi. 

In the case that If the two complex multipliers^ shown in-Figur-e 4 X are use d in Fig. 
4j the-ise^end— eomfilex^id^^lier--deteHHiBes it can be detennined that -Wm^pWo- 
W^^— W 4 j and Wmj^W^ and Wmj24 = W 3j so that it is po ssible to- c om pl e x - mu ltiply 
a2iW 0 X2i+ja22W4X22 is complex-multiplied by a ad-WvtjW». 

In addition, as shown in Figure 5, Additionally, when the if spreading is implemented 
by using the spr e ading code SC, as shown in FigttFe»5, one spreading code may be used^ 
However, and as shown in Figure 5C, two spreading codes SCI and SC2 may also be used^ 
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as shown in Fig»e-5C fo?-4i^eey4iHple^ 

In order to achieve the objects of the present invention, the efthe^eaaHSadaiBafd 

combined orthogonal Hadamard sequence may be used instead of the orthogonal Hadamard 
sequence for thereby r emoving predetermined phase dependency based on the interference 
generated in the multiple paths type of self-signal and the interference geaerated-by other 
users. 

FeF-exarapie™Hrthe^ the sequence vector of the k-th 

column or row is set to Wk-i in the MxM (M=8) Hadamard matrix, and the sequence vector 
of the m-th column or row is set to W m , the combined orthogonal Hadamard vector 
is construct ed bv taking t he first M/2 or the last M/2 ts-ebtamed-based-en- from t he vector 
Wk-i, and the last M/2 or the first M/2 is-obtained-based-e n from W^i^e^hat-the-eembifled 
er&egenal-Hadamar^e^^ Lw;ase of two channels, for example, it 

is possible to determine Wm,h=W 0j W^u^W^, Wm^=W 0 , W hq =Wi/ 4 are-determiHed, so 
that it^sr^essible-te-^mplee-multiply anWoXn+jauW^iX^ is complex-multiplied aad-by 
Wo+jPWm. 



In the-case of three, channels, the-seqae 

jt-te^Mr^^^^efe^M^rth 





rl13X22lXT7l Xt/W^ID SCI IU 

sbtake 



^-i^^^^-W orthogeaal 
Hadamard-veetof^^^ the summed value of an WoXn+jauW^iXu and 

a 2 iW 2 X 2 i and-Wo-^PW.^4 are complex-multiplied bv Wn+iPWi^ based on W^rWo, 
W H12 =W4//i 3 W K21 =W 23 and WhtWo, W hq =Wv M - 
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In addition, mike case of two channels, when^he^equem-e^eete 
ojH^w-of-&e-Ms^^ vecto r 
ef4he4H^^ltHnflHD^ 
veeteF^^anei^e^ 

OFthegenal — Hadamard — veeter — is — set — te — W^/m 1; — and the summed value, of 
anWoX u +iai2W2tfiXi2 and W ^'gW^a are complex-multiplied by WoffiWj^ based on 
W H11 =W 0 , Wm, 12 =W2/ A , and Wm^Wo, Wm^W^. 

In addition, in the ease of three channels, when-the^equeBee-ve6to^#4he-4e-th 

veetef^f&ens^Hzoluffi^ 
the^eeter~W w -a^ 

erthegenaJ — Hadamafd — veetor — is — set — te — W^y/ mA ~ — and—the summed value of 
anWoXn+janW^iXn and a 2 iW4X 2 i and^V^jPWi^ are complex-multiplied by Wo+iPWi/g 
based on Wm,h=W 0 , Wm^W^i, Wm, 21 =W 4 , and W^Wo, W HQ -Wi//2. 

Here, so far Therefore, the cases of two chann e ls and three channels were have been 
explained. The cases of two chann e ls and three channels may be selectively used in 
accordance with the difference of the impulse response characteristic difference of the pulse 
shaping bandpass filter. 

Figjire-^A is a view illustrating a constellation plet of signals in a phase domain 
before pulse shaping in the OCQPSK aeeerding-te in accordance with t he present invention^ 
Fig^ur-e 6B is a view SlestFatisg-arma^amu^ 

fittef Aa constellation of signals in a phase domain after pulse shaping in an OCQPSK of 
Figjire-6A^ and Fig^are-7 is a view illustrating a pow er- peak— eeeurrenee statistical 
distribution characteristic of power peak occurrences w ith respect to an average power 
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between the QCQl^Kr-aes^FaiBg-to-i^^ conventional prior art 

CDMA ONE and v e rsion gH&-4r9 the present invention . As shown therein, t The 
embodiment of Figure 6 A is similar to_ with that of Fig a we-2A However, there is a 
difference in the point of the m^amam^e-opeHmg-peifl t signals after the a^teal pulse 
shaping filter. Nam e ly, il n fFigjife 6B, the range of the upper and lower information (Q 
channel) and the left and right information (I channel) are felly-satisfied saturated to their 
respective limits. This causes the difference of the statistical distribution of the peak 
power-to-average power. 

Fig^ire-7 illustrates the peak power-to-average power ratio obtained based on the 
result of the actual simulation between the present invention and the convention al prior art. 
In order to provide the identical conditions, the power level of the control or signal channel 
is has4o4>e-e^nt3--elled-at-te-be4s-set-te- is set to the same t he same as th e power level of the 
communication channel (Fundamental channel, ^Supplemental channel channel; or the 
In-phase channel^ and-the Quadrature channel)^ an d Additionally - the power level of the 
pilot channel k has4e-be- €onfeelled -se^feat-it4s- 4e-be is set lower than the power level of the 
communication channel by 4dB. In the above-described stat e condition, the statistical 
distributions of the peak power-to-average power are compared. 

In the case of OCQPSK, aeeerding-t e in accordance with the present invention, the 
comparison is implemented by u sing the first complex multiplier 100 and the n-th complex 
multiplier lOOn shown in Figure 4. The first block 100 is implemented based on Wm,ii=W 0 , 
Wm,;2^W 4 , Wm,i3=W 0 , and Wm,i4=Wi, and the n-th block lOOn is implemented based on 
Wm^=Wo, 

Wm^2=W4, W M9n3 =W 2 , and Wm^t^. In addition, the SCI is used as th e SCI for t he 
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spreading ■ coder-fe-i&s-ease. and -the SC2 is not used. 

In the case of OCQPSK, the probability that the instantaneous power exceeds the 

average power value (0 dB) by 4 dB is 0.03%, and in the case of CDMA (XNE, the same jt 

is 0.9%r«dri!4£4%r^^ Therefore, jn the 

present inventionT-the-syst^H^uan^l^G D MA- teghfHqHe has a very excellent characteristic 

k-4he^eaje-to-average-pewer^ate-sense with respect to the power efficiencyr and the 

methedr^eeerfeg40-4he pr ese n t-kweatie^is a new modulation method,, wlm& eliminates 

reduces t he eress-talk crosstalk interference problem. 

Figure 9 illustrates a permutatcd orthogonal complex spreading modulati on 

(POCQPSK^a^eefdrag-t e in accordance with the present invention. As shown therein, one 

or a plurality of channels are combined and complex-multiplied by the pennutated 

orthogonal Hadamard code and then are spread by the spreading code. 

As shown therein, there In Fig.ure 9 T the following items are provided: first and 

second Hadamard sequence multipliers 600 and 700 for aMe€atisg-4he-fflultiehfflaGd-te 

respectively having a predetermined number of channel s allocated^ ^littmg-4he-same-kte 

two-groups and outputting OniW^Au which is obtained by multiplying the data Xai of 

each channel by the gain ct„i and the orthogonal Hadamard sequence Wuni r: -ftftd- 

On2WM n2X n 3, -which is obtained bv multiplying the data X? of the gain ou? and the 

orthogonal Hadamard sequence W^ n? ;a first adder 810 for outputting 
K 

Z (otniWM^iXniX which is obtained by summing the output signals from the first Hadamard 
n=l 

sequence multiplier 600; a second adder 820 for outputting 
K 

X ((^Wm^X^X which is obtained by summing the output signals from the second | 
Hadamard 
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sequence multiplier 700^ a complex multiplier 900 for receiving the output signal from the 
first adder 810 and the output signal from the second adder 820 in the complex fonn of 

X (^WM^'iX^itj^WM^X^) and complex-multiplying the received signal by 
n— 1 

Wmjt^JPWm^ which consist 
2=4. 

of the orthogonal Hadamard code Wmj, and the permutated permuted orthogonal 
Hadamard code PWm,q— ^that wherein W iun and a predetermined sequence P are 
eem^exHBttkiplie d multiplied:: a spreading unit 300 for multiplying the output signal from 
the complex multiplier 900 by the_a spreading code^; a filter 400 for filtering the output 
signal from the spreading unit 3 00^; and a modulator 500 for multiplying-and modulating the 
output signal from the filter 4Q0 by multiplying the modulation carrier wave, summing the 
in-phase signal and the quadrature phase signal and outputting a medulatien-signai-of^he 
real-numbe r real part of the modulated signal . 

Additionally, in Fig.ure 9 H ere, the construction of the spreading unit 300, the filter 
400 and the modulator 500 is the same as the embodiment of Figure 4 ex c e pt fe r the 
following construction. Namely, comparing to the embodim e nt of Figure 4, in the 
construction of Figure 9, However, in Fig. 9. the multiplication of the complex type 



orthogonal Hadamard sequence perfofmed%y4he-eefi^l^^uteptiers4^04hFWj 




separated from the complex multiplier 100 through IQOn and eennteeted implemented i n the 
rear portion of the summing unit 5i _-aad-4he The_ehanne^wise multiplication of each channel 
by the complex type orthogonal [Harmard] Hadamard sequence is not implementedT 
Namely T hus, and t he twe~^eup summed signal s of two groups are is multiplied by the 
complex type orthogonal Hadamard sequence. 



In -The the first orthogonal Hadamard sequence multiplier 600 output s 

which is obtained by^he-fest-adder-SW by multiplying the Of^hegenal-HadamaFd-sequeaee 

first data Xn of the first group by the fet^atar-X^-ef^he-^^ 
Hadamard sequence W^ jjand the gain au 7i ^Respectively, a 2 iW H2 iX 2 i which is obtained 
by multiplying the^i^geealftd^^ data X 2 i of the first 

goup,, block -by orthgoma l Hadamard sequence W^ Ajjjmd the gain a 2 ^ Additionallyr 
r es p e ctiv e ly , aed o^Wm^iXhi which is obtained by multiplying the-erthegena!4Ja4a£HaFd 
se qu e n ce W a^-by the n-th data X^i of the first group bioek -by ortho gonal Hadamard 
sequence WA^and the gain ct^i. 

The first adder 810 sums ctn iW^X^ of each channel to output 

K 



b=4 



The In the second orthogonal Hadamard sequence multiplier 700^ outputs 

eend^ddei^G^y^umrakig anW^nX^ 

^V^V-- <-HO -~^K\ 

which is obtainediby multiplying the-oFfeegenal-ifadam ar d s e qu enee-W^i 3 -by-the first data 

X12 of the second group b leek by the orthogonal Hadamard sequence WMj ^and the gain 
^Respectively, a^WM^X^ which is obtained by multiplying the erthegefiaHSadafflard 
sequenee-^^32-by-the second data of the second Wee k group by the Hadamard 
sequence and the gain rospcctivcl yA dditionally. aed c^Wm^X^ which is 

obtained by multiplying the-erthegeaaI4fadamaf#seque n-th data X*2 of the 

second group bloc k by the orthogonal sequence W^o and the gain a^. Here Thusr -fee 
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The second adder 820 sums ogWx ^Xn ^of each channel to outp ut 

n=l 



The signal outputted from the first adder 810 forms an in-phase dat% and the signal 
outputted from the second adder 820 forms an quadrature phase data aa4-eutpute 
K 

In addition, the complex multiplier 900 multiplies-the 

receives the output signals in the complex form from the first and second adder 810 and 820 
and multiplies the complex output signals 

K 

n=l 

from the first and second adders 8 10 and 820 by a complex type signal ofW^+iPW^o that 
is comprised of an orthogonal [Harmardj Hadamard code Whi and PWm^ which results 
from the multiplication of the orthogonal [Hardmardj- Hadamard code W H q by the sequence 
Pa. and outputs an in - phase signal and a quadrature phase sig aal. Namely, t ffie P is a 
predetermined sequence, spreading code or integer configured so that two consecutive 
3cqucn € e have identical values. Accordingly, the complex output signals from the first and 
second adders 810 and 820 are complex-multiplied by the complex type signals of 
WMj+-jPWM,Q by the complex multiplie r 900 , 

The spreading unit 300 multiplies the output signal from the complex multiplier 900 
by the spreading code SCI and spreads the same. Thus, Tthe thusly spread signals are then 
filtered by the pulse shaping filters 4 1 0 and 420. The modulation carrier waves of cos(2n£:t) 
and sin(2:rfct) are summ e d multiplied by the modulation multipliers 510 and 520 and then 
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-thereby outputting s(t). Namely^ In the following equation is 



medulated- 
obtained. 

where K represents an integer 

greater than or equal to 1 . 

Fig^ur-e 10 illustrates an embodiment that where two channel data are 
complex-multiplied. ^^eChannel data X u is allocated to the first orthogonal Hadamard 
. sequence multiplier 600 and another channel data X i2 is allocated to the second orthogonal 
Hadamard sequence multiplier 700. 

fa-figure-4-Qr As shown. Hero, the orthogonal Hadamard sequence multiplier 
includes the following: a first multiplier 610 feF^ulfeplymg4he#FSt-4ata*Xii 
a second multiplier 611 feMBtritiplying4he-^^ 

erthegofiai^adafsafd-sequeflee-^^^ a third multiplier 710 fei^-multi 
data^ 3 -by-the-gaia-€t^; and a fourth multiplier 711 fef-multiplyin g t h e outp u t-si- 
&e-4&rd~fflult3plie r 710 b y-the-ofthegenal-Hadmiaf d - seque n ce — A t t hi s t im e 
fterefeFe^iaee-ene^anneHs-aM^ 

The complex multiplier 900 includes the following: fifth and sixth multipliers 901 
and 902 fef^ukiplyfflg-the^ttt^ 

tfe-^pttt^igml^uW 71 1 by4he^rthegegal-Hadamafd: 

sequenee^^; seventh and eighth multipliers 903 and 904 fo r m^ l%lymg4hfvr>ntpiit s i gnal 

fouslh-a^tipliep-^ a first 

adder 905 fer-summmj^e-eut]^^ 

( a c- bd) - A and a second adder 906 fer-siHsmmg4}^eut 
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(bc^ad^. 

Therefore, the first and second multipliers 610 and 61 1 multiply the data Xu by the 
orthogonal Hadamard sequence W H n and the gain a u ft* thereby obtaini ng outputting 
auW Mtl iX u (=a)'. .In addition, the third and fourth multipliers 710 and 71 1 multiply the data 
Xn by the orthogonal Hadamard sequence W HI2 and the gain a 12 fef thereby ob taini n g 
outputting ai 2 W H i2X 12 (=b). JThe fifth and sixth multipliers 901 and 902 multiply 
anW H iiX u (=a) and a n WM,i2Xi 2 (=b) by the orthogonal Hadamard sequence W w (==c) fe? 
thereby obtaining generating anW^iXnW^ac) and ai 2 W H i 2 Xi 2 WMj(=bc). The 
seventh and eighth m\jltipliers 903 and 904 multiply a n W HU Xii(=a) and anW^nX n (=b) 
by the pcrmutatc d orthogonal Hadamard sequence PW H q fef thereby generating o btaining 
anW HU XnPW HQ (=ad) and a 12 W HI2 X 12 PW H QH>d). 

fa addition, tThe first adder 905 outputs obtains 

(anW Hn XiiW M7 i)-(ai 2 WM,i2Xi 2 PW M ,Q) (=ac-bd)^ nam e ly Speeifieattv That is. 
cti2WM,i2Xi 2 PWM,Q(bd) is subtracted from a n W H jiX nW w (=ac)^-aad tThe second adder 
906 generates obtains (aiiWM, n XnPWM,Q)+(ai 2 WM,i2X 12 WMj)(-adH-bck nam e ly, -Then 
That is, (anWHnXnPW^C^ad) is summed by (anW^nX^Wm) (be), 

Fig^ur-e 10 illustrates the complex multiplier 900 shown in Figjafe 9. For example, 
Assuming that a n W H nX u is ^^^^lu^nXn is "b", the orthogonal Hadamard sequence 
Wmj is V, and the p^^o^e d orthogonal Hadamard sequence PW HQ is "d'V* sSince 
(a+jb)(c-f-jd)==ac-bd+j(bc+ad) 3 the signal from the complex multiplier 900 beeeraes- consists 
of the in-phase information ac-bd and the quadrature phase information bc+ad. 

The in-phase data and the quadrature phase datar information is a re spread by the 
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spreading unit 300 based on the spreading code (for example, PN code). In addition, the I 
channel signal^ which is the in-phase information, and the Q channel signal^ which is the 
quadrature phase information signals are filtered by the first and second pulse shaping filters 
410 and 420. The first and second multipliers 510 and 520 multiply the output signals from 
the first and second pulse shaping filters 410 and 420 by cos(2n£t) and sin(27tfct). The 
output signals from the multipliers 510 and 520 are summed and- m odulated-by the adder 530 
which outputs S(t). 

In tThe embodiment as shown in Figure 9 , id e ntically to the embodiment a s s hown 
m is identical to Figure 4, for the because instead of orthogonal Hadamard sequence, the 
Walsh code or other orthogonal code may be used. In addition, in the orthogonal Hadamard 
sequence of each channel, the sequence vector of the k-th column or row is set to Wk-i in the 
MxM Hadamard matrix. Therefore: Preferablv.^ iWnX,i-fj^Wo r X^ and W 0 +jPW x are 
complex-multiplied 

based on W Hnl =W 0 , Wm^2=W 2p (where p represents a predetermined number in a range 
from 0 to (M/2V U and W^Wo, Wu ffWi. 

The orthogonal Hadamard sequence is allocated to each channel based on the 

above-described operation, and if th e r e r e main other channels remain which are not 
allocated the orthogonal Hadamard sequence by the above-described operatio n, and if ther e 
remain other chann e l which ar e not allocated the orthogonal Hadamard sequence by the 
above d e scribed op e ration, then any row or column vector from the Hamard matrix can be 
selected. 

Figure 1 1 illustrates an embodiment of t h e- - ?Q€QPSK~fe r th e v oiee~sejviee_a 
permuted orthogonal complex spreading apparatus with two input channels . In this case, 
the data of two channels, namely, the pilot channel and the data of traffic channels are 
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multiplied by the gain and orthogonal Hadamard sequence,-, aad The two channel signals are 
then inputted into the complex multiplier 900 in the complex typ e form- and the orthogonal 
Hadamard sequence of the complex typ e form is multiplied by the complex multiplier 900. 

Figure- 12 illustrates the^enstm^en-ef^ata^eFvi^^ 
seFviee~aiid-jow-4ransmis-sien---mte an embodiment of a permuted o rthogonal complex 
spreading apparatus with three input channels . In this case, tThe pilot channel and signaling 
channel are allocated to the first orthogonal Hadamard sequence multiplier 700^ and the 
traffic channel is allocated to the second orthogonal Hadamard sequence multiplier 700. 

Fig/ar-e 13 A illustrates the^enstraetienefe^^ ^ 
a-high-tr-afisifiissien-Fate: an embodiment of a permuted orthogonal complex spreading 
apparatus with four input channels. A s shown th e rein, the d Bata trans-mitt^d-at-a-rat-e-efR 
bps-has^he^I^K-^ata^pe^d^e%4ransmitted at R/2 bps-throu^4he-sei4al--t-e-paf-allel 
eonverter-r As^hewn-iln Fig^ure 13B, the system may be constituted constructed so that the 
input data (traffic 1 and traffic 2) have the identical gains (a 3 i=ai 2 ). Her-eThereferer-when 
the^ata4iavkg~high4faHsm^ 

to-eaehhehamael^faould^re^ efefeating-the-phase 
dependency. 

Figures 14A and 14B illustrate an embodiment of a permuted orthogonal complex 
spreading apparatus with five input channels, t he-eenstraetien o f t h e m Htejehaflaet-^eFvieer 
In this case, the dDa ta-for-a ffic) having^-l%k4faflSffl^ 
datarferf^^ps-thr^ 

erthogenal— Hadamafd— sequence— mult i pli e r 6 0 0 and—the— seeend-Hadamard—sequeaee 

muftiplieF- J 7Q& r ^d-S 

sequene^«ultiplief^QG^d4we-^^ 
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As-shewa-iln Figjare 14B, the^erial^ei^arallel^^ when the 

data (tTraffic) is separated into two channel data (Traffic 1) and (^Traffic 2) and then is 
inputted, the gains adapted to each channel adapts -are identical t he^dentkal-gams 
(a31=al2). 

Figure-ISA is a phase trajectory view of an OCQPSK^ according to the present 
invention^ Figure 15B is a phase trajectory view of a POCQPSK,, according to the present 
invention^ asd-Figjare-ISC is a phase trajectory view of a complex spreading methods 
according to PN complex spreading method of the preseat-inveatie s prior art . 

tThe shapes of the trajectories and- around the zero points are different As shown 
ther e in, - when comparing the^mb©diffle&te-e£Fig^ar-e 15 A, 15B and 15Q, th e shap e s of the 
trajectori e s and the zero points are diff e rent.In a view of the power efficiency, tT he r e is also 
a-dife-e^e ^th-^he^wer-eSeieney . This difference indicates the difference between *^ 
three methods. T herefere^e^-aasiieal^ 

average ~p o^ver 

fatio4s-digerent-r 

Figjsre 7 illustrates a characteristic illustrating a statistical distribution of a peak 
power-to-average power ratio of the CDMA ONE method compared to the OCQPSK 
method and the POSQPSK methods . 

In order to provide the identical condition the following has to occurs the power 
level of the signal channel is controlled to be the same as the power level of the 
communication channels and th e power level of the pilot channel is controlled to be lower 
than the power 

level of the communication channel by 4(ffi^^d-then-the^atiste 
pewer-te-avera g e pow e rrati e4s-eoiqpafed. 
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In the case of the POCQPSK^ according to the present invention , in the first block. 
600 of Figjara 9, W^n=Wo, and W^rW ? are implemented T and in the second block 700^ 
W H i2=W4, and Wmj^Wo and W H q=Wi are implemented. For the value of P, the- spreading 
code is used so that two consecutive twe sequences have the an identical value. 



technique^ a€<30fdragr4o in accordance with the present invention,, is a new modulation 
method having excellent characteristics. 

As .described above, in the OCQPSK aeeerdisgrte in accordance with the present 
invention, the first data and the second data are multiplied by the gain and orthogonal code, 
and the resultant values are complex-summed, and the complex summed value is 
complex-multiplied by the a complex type orthogonal code. The A method is utilized where 
that the information of the multichannel of the identical structure is summed and then spread 
is used . .Therefore, this method statistically reduces the peak power-to-average power ratio 
to the desired range. 

In additio nA dditionally, in the POCQPSK according to th e pr e sent inv e ntion, the 
data of the first block and the data of the second block are multiplied by the gain and the 
orthogonal code, respectively, and the p e rmutat ed orthogonal spreading code of the 
complex type is complex-multiplied and then spread. Therefore, this method statistically 
reduces the peak power-to-average power ratio to the desired range^ UtiliTing the 
combined orthogonal Hadamard sequence, and it is possible to decrease the phase 
dependency based in the multichannel int e rferoncc and the multiuser interference u s ing the 
combined orthogonal Hadamard sequence . 
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Although, the preferred embodiments of the present invention have been disclosed 
for illustrative purposes^ TTthose skilled in the art will appreciate that various 
modifications, additions and substitutions are possible, without departing from the scope 
and spirit of the invention as recited in the accompanying claims. 
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WHAT IS CLAIMED IS: 



■h An-oiibegeaal^mplex-spFead^ 

•steps-e£ 

HadaHia^sequesee-W^rb^ 

wM€-k4s-ebtamed%y-s^te^ 

3^aiidrg^fir€t a ref-arB-4k-ble€fcj 

alphas eHfflfoHna&ea--an4^tf^^ 

su HHYfttt g-ooly^a^ of b lo ek 

oriy-^adratoe-^ase^afc^ 
spreadmg4he same^smg^--spfeadifig~€o4er 

3-: ^he^ethod-oi^laHn^^hem 

aHd-^^ha*melr^ifig4fae4B^ t h e quadFafafe-phase-isfiHm at io n as one 

spfeadffig-^oder 



ae^etbed^f^mm4rwhereiB-said-spFeadiaj 
I^aiffiel^gnal4)y-iBu&^ 

iflfermati on by a — fet-^pr-eadka g cod e, m ul^plyiB g the i 



■said 
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patHf^kase4afei^atiefi^^ 
fey-5tfte i a€4H^^e^imdF^^ 
ffialkpi}ed-#eKrthe4i^phase4E^ 

fet^preading^odeis^uiti^ 
€ede4s-maitipiiedv 



ae-aaethed of clakBr4^wfaereifl~s£ 



HE>Eal-H-ad-araa 



U- 



Walsk-€-eder 



Hadamani-sec^iree^a^equenee^eeto^^ 
(M==4)4Ia4as2ar4-fflaft^-ad^^ 



ae-metfeed-ei^elakn 5, wh ereh^^uWoXH : 4j€taW4 
€emptex-mut^pMed-^ased-^» M ~8 aa d^W^^W^ 



£tked^f^]aiffl47^heFe^^ 
Hadamaf^-^uencera-^tteae^^ to a Wv-i-ia-a 
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M%M— (M— is- n&tsfalr-^jz&eT^ 
pr^etermffled-fltHnbeiH^ 

li icpi CbCIltiy a 

anfe-b lock number-^ 

8; ghe-faeth od - of etoim-lv-wbereiB-ja-4he-ease-ef-twa bloe ks, a r esult a n t va lue 

"wfeicii , is~obtanii'n^"t)y~settds^' a sec^ttence'VCCtQf • of ~a "Saiid~ jC'"tb.'' 'CQl^fl3S~or' rcyw 1 •tO"a~^V^4.~ni"a 

MxM^M^&)^adafflard^mtF^^ 

basedr^B-AV^^^ 



rie-methed-ef^laim-^wker-ei^^ 



eeffiptex-fHHltipfyiHg — etiiWoXu^jai^-W^Xts — and Wo^fW-r 



■^h- j Wm,4? := W6; — and 




36 



iQ-. Afl-Qfrfeogcnal co m plex- spreadiag^pf^aafav^EajmsiHgr 

a^farafey-o^eoraple^^ the da ta of -th e 

multkhannei^d^emplex^ignal^^ 

ebtaiaed^y-B^ltiplyisg^ 

the-ifr-th-block and the gaia-^-afld-^n^M^^^^ch is obt a i n e d by ^ultiplyiBg-4he 
ortfaogenal-Hadamard sequesree-WT^-witfa^e^eeo^^ asd-the 
gaift-^to-a r e cons tituesiSr-afe-^mple^fr^Hlti^ th e a c omplex 

multiplier 

a-suramang^isit^Mi^^ 
bleefc^fthe^uralit^ 
phasei^i^atier^utputted-S^ 
b lo cks ■ a nd 

ar^pFeading--tHtt^fcr-ffiult^^ 
iflfoHHatief^wMci-are^ra^ 
aa4-ehaaael-aad-a-Q-€haBHelT - 

— Th e appamtes-of"elaim-4Q r -whei : em-ia-said-spreadiB g unit , the i a-phase 
informatio n and the-qtiadrata r e ph ase-informat ion su m m e d b y th e-sum ming unit-are 
fBHteptiedr^y^e^st-and-the-seeond ■ spreading cod e s, the quadr atee^hase^nforana&on-to 
wfakh-t-he second-spreading^ode-i5-multiplied-is subtr a cted from the ui-pfease-infbHnafaea4e 
wMeh4he-&^^pfeading-€ede4s~HHilti^pliedr^^ 

m-^ase^nfoHnatieBHt^whi^^ cod e i s-sum m ed-by t h e quadrature pha se 

infemation4o-whieh t h e fk-st-spreading-€ede4s multipl ied f or th ere by outputting-a-ggid-Q 
ehaanet 
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-1-2: Tfee-^a^afate-^>g^ai m 10, ■ w herein -- &aid-^e£Bpk?e^Hltiptieati0fl---43le€k 

ar&st^ultipiieF-fo*^u^ 

s 

effeegeaaMadamaFd-^equefle^W^^ 
ar-seeead^tiMpliei^oi^Hte^ 
the-gaia-e^ 

a4hkd^iritip]*er~fef^^ th e orth o g eeama dam aFd 

sequeaee^VM^ 

fi^-^d^ixtfe-HHdtipliei^ 
seeead-HHritipliei i -aHd-^^ 
OF&egeHal-Hadamard seque n ce 

seven^^d^gfeth^Hkipliefs-fer^ukipl^yiHg th e oi ^irt^i^al^^ : W^j^3 ; -#em4be 
seeorai-iHttfepfieF-aB d th e output^igRal--a n 2%^ m tifeplier-b y th e 

eFthegeaaJ-HadamaFd^equeaee^V^^ 

a-fest^ddep-feMUHHak^^ 
miaus-eutptit-sig nal ( - bd) from t he-eighfe-mal^plier and-eutfmtteg-an-jfi-phase iflfefraatiea 
^ac-bd) j ■ and 

a^ee^Hd-add^-feF-SHiBaamg4he-eiitpit^i 
otrt^t^^ai^d^fr^^t^seveoth-multipli^ 
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r-te-appafal 
tises-a-predeteHH m e d typ< 
14-. A— peHnutai 

60fH1 




&egefe-said o rt ho g esal-4fedamard--seqaeHee 
gonal-eeder 

al-eemplex-spread ing method f er-aHamttiehaBBe^ 



eefflpte^umiBing^iW^ 
eFftegend-Hadamard-sequeRee-^^ 

ebteined4>y-igul^^ s eq u e n ee^W^a^l^e^ 

a-^H : edetermiHed^ta-r^^ 

diste*fetitieaj 

stHHrakg-efiiy4fae4B^ 
e£e & e r cha flHel5#efH-^¥e-bk?eks-a nd sum ii^g^iil^be-qtiadfafeFe-pbase in f o rmation; and 



spr^drng-eede^F-ar^r-edetemiffl 
wMe4^af^he^i#i0gefiai-H^ 



c»oin C*T ^t T f>*lH'l'n r t Pf\nP 

isfeiraatiefi^d^e^adfate^^ 
spFeadiflg-eeder 



i nnnr^l nntifr awp 
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i&. : £hefflethed^i^aim44 r wher8m^ 

eF-ar^-aid^ed€t€3Fmmed-spf€admg^6>de^F-ar^-^ ■ predeternaned-integerr 



¥h -The^ethed-of-elaim -1 4, w he r ein-a-sequence vector -o£4 he k - th c elaaan-or 

rew^-^-4e~W^^ased^^ W j^pW^ 
W&^qHWa^ (wh e r e q r epresents a p redetei^HiHed niiinbefH^ar^gB g e fr o m 0 to C M/2) -l) are 
ebtaraedr-and-a- said - ■ predetenaiHed— spreading— eede^0f^EMs--^B6gared^6-4hat- -twe 
consecu tiv e tw o^eqa^3£es^ave4he4degMeal-valuesT 



48r- 

eeHHHimkatieG-eflVir-ef 



#-c4aHE~44 7 --where 
see-type- 



4-9: TheHEHetbed-ef^laim44 r wher-aa-sai€ 

tt Tf UXOIX toUUC. 



raeaee-tises 



20; ?he-ffiethed-o£^jakn 14, wfaerei3 ^4n^aid^ep-jer^Httip^ng 

HadamardrseqHeHeesrtbe-seqH^ee vector o f t h e k - tfa -eolu mn o r r ow i s set t o W ^-based-on 
the-MxM (M~4)-Hadamard-g^atrix, a n d i n the c as e-that tw o da ta ar e Ira nsmittedHke 
eenditiens-WM^ 



W o +j PW^-a r e com f 



Mpfied-based-oa- M -8 asd-W^i^^W^ 
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22- ^e«ethed^£etei&44rwh^ 

laeneec ^saki seqae n €frvecto r of the k-th co l aaas-e r ro w is^set-te-Wka-based 
^ia mar d matera^e-^e^ q r e pr e s e n ts 

a^^^erHmed^tHHber-iH-a-^aflge^eem 0 t o-@V4 /2) - l) a re obt -ataed-aa d th e- coixditioHS 

e^plex^akapiyiHg^^ 




i n__ T^ hfic!o 
:C 1X1 jJliaoC 



-dait a 14, w hefeii*-ia-sak 
iflfoffflati oQ a n d the-qaadrat are pk ase-4xrfoHxiatk 
raafeptie d by tii e^^asxd-see^Bd^preaafeg 
wfeieh^he^eeeixd-spr^dia^ 

wMeh-the^sfr-spr^diBg^^ a n d th e 

k^ase4flfofraatiefl-^ 

eatpaaixxg-a ^aid- Q-ehfflmexr 



ae-xHethed-ex^aim44 r wheF«^ 
aait^ep^of^H&pxyffig-th 
gak-e^K 

a se Goi xd^Hxtiptiei^iH^ tiplying th e-eatgat-siga al fr om t h e fir s t ma teptier-fey^he 
eftheg^ ^ - Had amard^eqaeflee^iV^j^ 

a-fearth-Hxaltxpl i c r for m al^^g-the^atpat-si fflal from -the4hk-d-Hxal tip l i cr b y t h e 
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orthogeaal-Hads 



fi£fe-^d--sixtfr-raul^^ 
5eraRd~Httritiplkf"-afld-^ 
OFthogenal-Hadamard sequence W^g 

seventh-aHd^ghtfe^ultiptiers-^^ 
s e cond m uifepMe^-^d-^he^utput^fflal^^ the 
eFthegfmal-Hadamafd^e^eHee-W^o; 

a fir s t a d der-fe^-summing-^ie o u t p ut signaHa€)-j?om t h e fiflh-fflaltiplieF-aBd-fee 
gHBus-eutput-stgnal (- bd) -#era4he^igkth-H3tt^^ an-k-pfcase info rmation 

(ae-b^-and 

a^eeend-a^dei^e^siHHffiifi^^ 
ei£put^ignal^ad)^^H^ti^ 
(b^ad)r 

2S-. ^e^pparates-ef-ejaim—l-^wherein -ar-eembined o rthogenal-^fadaraar-d 

seqtteaee4s-asedriBstead-^^he-o^ o rd e r t o -elimisate-fee 

phase^epeHdeney^e4eeafl^terfe r enceo e euHjHg ^wi & a mul t ig atfa-type 
an-interferenee oce * 
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•fir-st-a nd secend-Hadamard-seqHeRee-Hiultipiiers for aUeea^Bg-tbe^aukiebaime^te-a 
pj^deteHraHed-naufflber^i^ 

a-&st-adde r f o r ou tputtiflg 
K 

-jH^t^^a^ th e fet 

— -e=4 

xxat raJrtcr ria jCqtjcllctr ltltlltxpiiCi j 

arseGeHd-add^feF-eiitptffcfeg 
K 

f*=4- 

Hadafflafd-seqtienee-ffluifetpSeFj 

ar^emple^^u&piief-fer^eeei^^ first - a dder and th e 

eutput^igaafc#em4he^ee^^ 
K 

a=4 

eeMi5t^f4he^fthegeaaJ4&^ 

eede^^^Q^at^V^Q-af id a pr e d e t e n Bafled-seqtte n ce P are-€ efflptoegraitipKedt 

a~spFeadfflg-uHi : ^i^tiltiplykg4he-etitput sirgHal-&^ffiAe-€emplex^iutepl icr by t h e 

spi ca tiir xg" CtjtiC^ 
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&ejfl-phase^gaat-afld the quadr-a^e^hase^igHal^d-^iitputeng a XH edniatieH-sifflal-of t h e 

-The-a^-hed^^aifi^^^^ 
veet©^infcheH|4c4h-^l^^ 
mate^^^d-W^^Wa^^ 
•tke-siamm^d-^vatee-^^ 

3St The-methed-e-f-e-laHn 26. w hereiB4a--the-ease-e f th e feee-ehaaaels, a- the 

afK^he-sararaed^vafee^Mefe^^ 
is-^iHpJex-miritif>lied-by- : ^^ 



aethed o f cla i m 26, w fae?eia-4a the ca se -ofrfeaF-eh aiia e ls , a s ad 
WM^^Wv-^e^etemined, afid—Ae— summed val ue whi c 




44 



30- T^e^etted^^aiH3r^6^ 

M^&aad^M^rs^ is- obtained 

by-saraH^g-^^Wo^ by 

- . . v> 

veetor-e£tbe-k4b^ 
d^eFmmed r -aed4he^ 



ae-^ae&edH=>i^aiBa^^ 
5eq^^€e-^^of^f^be-k-th-celtHHn -o r -ro w -is ■ s eMo-Wfe^ased-eE 
Hadama^^afe^^ 
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33t i^^ethod^j^elajg^^^ 

sequenee^/eet-e^f^ie^ 

detenamed-fease d on M^8-^d-jA^M^ z=: Ws4s^eteHnined ■ based on M~ 1 6— agd-tfee-semmed: 
vak i e wMeh - i s obt ai ned~by^ttfiHBrag-^W^ aad 
€ki.W^^4s^emple^^ 

-34^ The-method of cl aim 29 , wherem-^rgaiH^i-a^^-^aH3-^2 ar e th e4denti€al . 

gaifHH-aFder-4o-Femevet h e pbase-depeHdeBe^by^a-iHtef f e rencc o c€HfflHg-iH-armd[ti^a#i-ef 
a-seli^ignai-and-aR4fltei^ 



?be-met feod of cla i m 29, wbeFem-a-gaiH-eia- and a g am^4 ^ e-tfce-identi€al 

gaifl4fi^Hiert€H=emeve^ 

il j Cix^jt^i^atr^ailx^-xXri Til t Ci ret t^xl v C ^Tvyt til ixtlg L/ jr U/ txlCl CtoCrar; 

sequenee4s^sed4f*stead-ef^^ 

pha s e d e p e nden cy d He^e-aa^Htef^enee^e^H ^g - w i t h a mu^patb4vpe-efa-said s e l f-si^al 
and ■ sa id-an i nt er f erenee-ee 



3-7- Sie-fnetbod of cla im-MpwheF-einj a th e case-oftwo-ehaafiels, a sai^seq^eaee 

veeter-of-fc h e k - th ^^l^aa-o^-Fe w of th e M^^M~8) Hadamard mafcr^s^et^e-Wk-^-aad 

ebiaraed^em4lxe^eetofrW^ MJ2 o r-the-figsfc-M Q is obtaHied -from^ta^T-so 

that^he^e&ined^rthogonax^^ and th e summ ed value of 
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€^WoX^jftiaW^^^^ ba sed on ^-u^Wo; 

W^s = ^4^afld- : Wj^^ 



ae-metfa o d of c la i m -3 6 . wherem^i^tfee^ase-^f ^aid -feee cbafiHd s. a s aid 
sequense-v^etep^f^he-l^th-^^ 

W ^ - and a s eqtreflee^eeteraftfee^a^ to W mr fee^ffst4v^2 or th e4ast 

M/^is-obtaked^em4he-v^te^^ ■ 
se-tfea^be^embmed-of^egeHal^adamafd^ve ct o r is S€t-4^Wk-i^n-4^-^dAe-5H3amed-vatH^ 

3-9: -The-mefeod-af^laim 36; w fcerek-jfr-tke-ea s e of said- fcwe-c-fe 

sequea€e-v«eteF-e£&e4^4^ 

set-^e-W^r^d-a -said -seqH^ee^ cok iaa-er-rew-is set to W^r^he-fifst-M^S 

or tfaelas t M l is-obtaked-^era-the vect o r W^- and the4ast-M/2 o r t h e first^M&js obtai aed 
frem^ nrf ^-4kat-4te^ 

summed valu e of o ^^oX^o^^ -i#rare coa^lex-~Ha*teplk 
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seq*ies€e-ve6£ef^£fee^ 

er-thelast~M^24s^bt^ 
fefi^W^^^^at-t&e^^ 

suHHHed — value — ef — e^We&f^€L\zW^&& — asd — et^W^-i- — and — Wo^jP-W-i^ — are 



Afl-oi#iogoBal-c^raplex-spreadH^^ 
aj>pafafas-4heFeo f are diseiesed: — Sie-metbed-kefades-jaefades ■■ the ^llewjHg ^tepsr-^f 

sequeflee-WM^r&y*-^^ 

X^f-arn-thrbloete-eemplei^^ in the 

eofflpiex-4ype~afld^M^^j^ 

OHtpa^fflg^^-iH^ase-mfeHHatieBrand quad? ature^base-krfeHBafeen; and summmg-oety 

4^^T^l?fl.gp 1 --iTi'fr\iTrriri"t*ir\ri rM tH-m i-H^n rj frorri. -o..-.tr\1i itti1i"H7 r\~F Klr\ r-t r_ g n n H nnltr n nfiHrniriTF*. n hfl ^P 
tit~pllctaC littt?! i±r<tt±t) H wtJtjTtiLTTCti xrartt tt pttxlTtmry t/t Wlutelfca ctiifci t7l±lj cjtJtttJxcttttJ. C jJLlusc 

ififeHflatiefreutffti^^ 
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ABSTRACT OF THE DISCLOSURE 

An orthogonal complex spreading method and apparatus for multiple channels am 
aa-apparatu s - tfa e r -eef are disclosed. The method includes includes the following steps: ef 
complex-summing o^Wm^X^. which is obtained by multiplying an orthogonal Hadamard 
sequence Wa^i by a first group data of X^ of a n* block: and a rgW m^X ^ which is 
obtained by multiplying an orthogonal Hadamard sequence by a second group data of 
Xn7 of a n-th block: complex-multiplying a^W^ X^+ja^W] ^X^ which is summed in the 
complex type, and W^ +jlVju ^ of the complex type using a complex multiplier and 
outputting as an in-phase Hrfbrma&on and quadrature-phase information: and summing only 
in-phase information outputted from a plurality of blocks and only quadrature-phase 
information outnutted therefrom; and spreading the same using a spreading code. 
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